The non-stoichiometric reaction of [AlCp*]4 with [CuMes]5 in benzene at 78°C reproducibly yields analytically pure 1 as a black crystalline solid, albeit in low yields of 10-17 % (scheme 1). The compound is highly air and moisture sensitive, whereat the isolated crystals are pyrophoric upon exposure to air. Isolated 1 cannot be re-dissolved in any solvent without decomposition, a property which prohibited its extensive characterization with high-resolution mass spectrometry or solution NMR spectroscopy. Single-crystals suitable for X-ray diffraction structural analysis were obtained by carefully tuning the reaction conditions in order to allow for a slow crystallization of pure 1 directly from the reaction mixture. However, the compound notoriously forms relatively small, weakly diffracting cubes. Despite all efforts, thus obtained crystallographic data falls short of routinely accepted, high quality requirements. Accordingly, the following, quantitative discussions provide an approximation, only, and given bond lengths and angles are to be considered carefully, whereas the proposed core composition of Cu43Al12, as well as the overall molecular structure of 1 are unambiguously supported by the compiled experimental data, as well as structure optimizations on the DFT level of theory.
The superatom theory, based on the spherical jellium model, has evolved to a concept of choice for understanding stability and chemistry of a wide range of naked and also ligated metal clusters. [1] [2] [3] Superatoms feature atom-like cluster orbital shells following the energy order 1S<1P<1D<2S<1F<2P<1G<2D… for which particular stability is related to electronic shell closing at the jellium electron counts of 2, 8, 18, 20, 34, 40, shell. [4] [5] [6] We have been fascinated by this compound. Its formula can be written as [Al38](AlCp*)12, leading to the heuristic view of an Al38 core protected by twelve 2e -donating AlCp* ligands.
Accordingly, we anticipated that other metal cluster cores [Ma] may also be stabilized by AlCp* to yield heterometallic superatom complexes. We, and others, have been exploring the coordination chemistry of AlCp* and related group-12 and group-13 low valent species at transition metal centers (TM), and, over time, derived a library of heterometallic complexes and clusters [TMaEb] (Lc) (a+b ~ c; E = Zn, Cd, Al, Ga, In; L = Me, Cp*, H, Cl, CO, CN t Bu, PR3). The non-stoichiometric reaction of [AlCp*]4 with [CuMes]5 in benzene at 78°C reproducibly yields analytically pure 1 as a black crystalline solid, albeit in low yields of 10-17 % (scheme 1). The compound is highly air and moisture sensitive, whereat the isolated crystals are pyrophoric upon exposure to air. Isolated 1 cannot be re-dissolved in any solvent without decomposition, a property which prohibited its extensive characterization with high-resolution mass spectrometry or solution NMR spectroscopy. Single-crystals suitable for X-ray diffraction structural analysis were obtained by carefully tuning the reaction conditions in order to allow for a slow crystallization of pure 1 directly from the reaction mixture. However, the compound notoriously forms relatively small, weakly diffracting cubes. Despite all efforts, thus obtained crystallographic data falls short of routinely accepted, high quality requirements. Accordingly, the following, quantitative discussions provide an approximation, only, and given bond lengths and angles are to be considered carefully, whereas the proposed core composition of Cu43Al12, as well as the overall molecular structure of 1 are unambiguously supported by the compiled experimental data, as well as structure optimizations on the DFT level of theory. 
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Cluster 1 crystallizes in the cubic space group Im-3 with two molecules per unit cell along with twelve solvate molecules of benzene. Its molecular structure features a unique highly symmetric, discrete heterometallic M55 unit which is embedded into the all-enclosing hydrocarbon shell of twelve Cp* ligands. To date, the only other example of a crystallographically characterized, icosahedral M55 magic atom-number ligated metal cluster is the recently reported
12 Similar to this Pd55 core, the Cu43Al12 core adopts a Mackay-type two-shell icosahedron (figure 2), 13 an arrangement which is considered to be particularly stable owing to its high sphericity and the accompanying minimization of surface energies according to classical Wulff construction principles. 14 It has been predicted the preferred structure for M55
clusters of a variety of metals by quantum chemical calculations 15, 16 and was also experimentally observed in the , with HOMO-LUMO gaps of 0.77 eV (PBE) eV and 0.80 eV (BP86). These two cations correspond to the "magic" electron counts of 40 and 34, respectively, if the AlCp units are considered as external 2-electron ligands. If such a description was correct, the electronic structures of [1'] 3+ and its naked
[Cu43] 3+ kernel should be strongly related. A look at figure 3 indicates, however, important differences. , the Al atoms appear to be full part of the jellium core. In the case of the "real" neutral 1' cluster, three supplementary unpaired electrons are distributed in the next t2u and ag levels. Then, the question of the nature of the t1u HOMO and the lowest unoccupied levels of [1'] 3+ (or 1') arises.
An examination of their nature leads to assign them to the 1H (t1u + t2u + hu), 3S (ag) and 2D (hg) jellium levels ( Figure 3 ).
These entangled levels are lying within a range of ~ 0.7 eV and somehow prefigure the formation of a conduction band. bearing 3 or even 9 additional hydride ligands, thus allowing it to reach such closed-shell configurations has been tested by DFT and it was not possible to find any closed-shell situation for any of the tested models. This result is consistent with the MAS MNR and IR data, which gave no indications for hydrides. The thermal variation of the magnetization, M, of 1 has been investigated between 2 and 300 K at variable magnetic field, H. The product of molar magnetic susceptibility, M=M/H, by the temperature, T, is plotted in Figure 3 . In the low temperature regime, MT (~1.5 cm 3 K mol -1 ) approaches the expected value for an isolated spin 3/2 with a Zeeman factor g = 2 (1.875 cm 3 K mol -1 ). This observation corroborates the existence of three unpaired electrons. MT increases almost linearly on warming which might be the signature of low lying energy levels coupled with the ground state through Zeeman perturbation, known as the Temperature Independent Paramagnetism (TIP). 45 To summarize, cluster 1 is the largest Cu superatom reported to date and it is completely new from the point of view of two features. Firstly, it has a very large electron count of 67, as compared to 22 in case of ([Au19Cu30](CCR)22(PPh3)6Cl2) 3- , as the only other heterometallic example, 46 or only 2 for the known homonuclear copper superatoms. 31, 32, [47] [48] [49] Secondly, this non-'magic' number is associated with an open-shell configuration (S = 3/2) with an unprecedented electronic structure in which 9 electrons occupy discrete levels prefiguring the bottom of a metallic-like conduction band. Such a situation is largely favored by the presence of a densely packed protecting shell of Cp* ligands which provide the cluster core with sufficient kinetic stability and annihilates the intrinsic polyradicalar reactivity of the superatom core. 50 Together with the emblematic Au20 51 and
[Cu4Zn4](Cp*)4(CNR)4, 52 cluster 1' is a rare example of a group 11-containing superatom in which the group-11-metal oxidation state is equal to zero. Indeed, such superatom cluster complexes are usually bearing formally anionic ligands (e.g. 
thiolates) directly bonded to the metal core, giving rise to metal average oxidation states comprised between +I and 0. 47, 53, 54 Our synthetic approach, which consists in using sources of neutral group 12 and 13 metal ER fragments to saturate and stabilize the cluster is likely to produce a range of other examples of novel electron-rich heterometallic superatoms.
Experimental Section
Synthesis of 1: A mixture of [AlCp*]4 (120 mg, 0.740 mmol) and [CuMes]5 (205 mg, 0.961 mmol) in benzene (4 ml) was reacted at 78°C for 2d. The resulting brown-black mixture was cooled to room temperature and allowed to settle for 2d. Filtration afforded 1 as a black crystalline material which was thoroughly washed with benzene and dried in vacuum. Note: A most sensitive adjustment of the conditions is important as even small changes in temperature and time, concentration, purity of starting compounds, and even the surface to volume ratio of the reaction vessel proved to be detrimental to the successful synthesis of 1 (see SI). Yield: 17 mg, 0.004 mmol, 17 %. 
